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Phylogenetic analysis of known dockerins in Ruminococcus ﬂavefaciens revealed a novel subtype,
type-Ill, in the scaffoldin proteins, ScaA, ScaB, ScaC and ScaE. In this study, we explored the Ca2+-
binding properties of the type-Ill dockerin from the ScaA scaffoldin (ScaADoc) using a battery of
structural and biophysical approaches including circular dichroism spectroscopy, isothermal titra-
tion calorimetry, differential scanning calorimetry, and nuclear magnetic resonance spectroscopy.
Despite the lack of a second canonical Ca2+-binding loop, the behaviour of ScaADoc is similar with
respect to other dockerin protein modules in terms of its responsiveness to Ca2+ and afﬁnity for
the cohesin from the ScaB scaffoldin. Our results highlight the robustness of dockerin modules
and how their Ca2+-binding properties can be exploited in the construction of designer cellulosomes.
Structured summary of protein interactions:
ScaB cohesin and ScaADoc bind by isothermal titration calorimetry (View interaction)
ScaB cohesin and ScaADoc bind by molecular sieving (View interaction)
ScaADoc and ScaB cohesin bind by biophysical (View interaction)
ScaB cohesin binds to ScaADoc by enzyme linked immunosorbent assay (View interaction)
 2012 Federation of European Biochemical Societies. Published by Elsevier B.V. All rights reserved.1. Introduction motifs, which coordinate the binding of Ca2+ at opposite ends ofMicrobial degradation of the plant cell wall constituents (e.g.
cellulose and hemi-cellulose) is an important process for recycling
carbon back to the microbial ecosystem and herbivores in form of
glucose. While aerobic microorganisms hydrolyze the cellulose by
the secretion of free, soluble enzymes into their surroundings,
some anaerobic bacteria have evolved a supramolecular enzymatic
complex, termed the cellulosome [1,2]. Following its initial discov-
ery in 1983 from Clostridium thermocellum[3,4], tremendous efforts
have been committed to discover the molecular and structural
bases of the pronounced synergy that is associated with its ultra-
structure. It was determined that the efﬁciency with which cataly-
sis occurs can be readily attributed to the basic building block
directly responsible for cellulosome architecture and stability:
the dockerin–cohesin interaction [5].
Dockerin protein modules are a subtype of the EF-hand calcium
(Ca2+)-binding protein family that are small (70 amino acids),
acidic entities that comprise two EF-hand variants, termed F-handthe molecule [6–8]. The binding of Ca2+ to dockerin has been
shown to induce folding of this module and elicit conformational
changes such as the exposure of a hydrophobic patch that is re-
quired for binding to cohesin [9,10]. Sequential differences among
the dockerin and cohesin moieties, respectively in C. thermocellum
has resulted in an impressive distinction on the basis of whether
they are type I or type II [7,11–15]. These I and II subtypes are con-
tributing forces that underscore the unique mechanism by which
cellulosome assembly and function is achieved.
Recent genetic analyses of other anaerobic cellulolytic bacteria
have extended our understanding of cellulosome biochemistry
and have created numerous opportunities to apply a similar frame-
work to explore the molecular determinants associated with its
enzymatic function. For example, the cellulosome structure from
the anaerobic bacteria Ruminococcus ﬂavefaciens showcases how
its assembly differs from the proposed molecular architecture from
C. thermocellum (Fig. 1) [16–21]. Brieﬂy, the ScaA scaffoldin
comprises three cohesin entities that are capable of binding to
ScaC-Dockerin, which is either covalently linked to a carbohydrate-
degrading enzyme or non-covalently attached via a secondary
ScaC-Cohesin–ScaC-Dockerin interaction [19,22,23]. ScaA-ScaC
Fig. 1. Schematic representation of the cellulosome in R. ﬂavefaciens. The system relies on several cohesin–dockerin interactions to localize the cellulases attached to the ScaA
scaffoldin as well as the carbohydrate binding modules (CBM) on the cell-associated CttA scaffoldin to the cell surface. These structural entities are tethered to the cell surface
via an interaction between their C-terminal dockerins and ScaE cohesin. The role of ScaADoc is to incorporate the ScaA scaffoldin into the central ScaB scaffoldin via binding to
ScaB cohesin.
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binding of ScaA-Dockerin (ScaADoc) to any of the seven ScaB cohe-
sins [19,22,23]. The C-terminal region of ScaB scaffoldin contains
an X-Dockerin that is necessary for cell-surface attachment
through a non-covalent interaction with the N-terminal cohesin
module of ScaE [19,22,23]. Finally another distinguishing factor is
that the central ScaB scaffoldin relies on the carbohydrate binding
modules (CBM) in the CttA scaffoldin to coordinate the binding of
cellulose.
Given its pivotal role in the assembly of the cellulosome derived
from R. ﬂavefaciens, phylogenetic analysis of the ScaADoc was
shown to be highly divergent from the type I and II dockerins,
and was subsequently reclassiﬁed as a type-III [19,24]. A particular
difference in this type III dockerin was the lack of a traditional
twelve residue Ca2+-binding loop in the second F-hand motif,
which might contribute to differential Ca2+-binding properties
and target speciﬁcities. In this spirit, we employed a battery of bio-
physical and structural approaches to probe the effect of Ca2+-
binding on the type-III ScaADoc, which was then correlated to
the binding of ScaB cohesin. These results add to the wealth of
dockerin biochemistry, but have interesting implications in the
engineering of designer cellulosomes.
2. Materials and methods
2.1. Cloning of the ScaADoc and ScaB cohesin
The ScaADoc gene was cloned directly into the Ndel and Xhol
restriction sites of the pET28a expression plasmid (Novagen) using
the forward and reverse primer sequences 50-GGGCATATG GGGA-
CAAAGCTCGTTCCTACATGGG-30 and 50-CCCCTCGAGTCACTGAGGAA
GTGGATGAGTTCAACG-30, respectively. The PCR product was sub-
sequently puriﬁed using the QIAquick PCR puriﬁcation kit (QIA-
GEN, Hilden, Germany), digested with NdeI and XhoI, and ligated
into pET-28a to create ScaADoc/pET28. Similarly, ScaB cohesin 7
was subcloned from the CBM-ScaB cohesin fusion protein [25] con-
struct using the following set of forward and reverse primers, 50-
AAT ACCATGGTAGTTCCCAAGG-30 and 50-GTGCTCGAGAGGAGCGGG
CTTTT-30, respectively. The PCR insert was treated in the same
manner as described above for ScaADoc, and ligated into the Ncoland Xhol restriction sites in pET28 to create the expression plas-
mid, ScaB cohesin/pET28.
2.2. Protein expression and puriﬁcation
Expression plasmids encoding for ScaADoc and ScaB cohesin
were transformed into the Escherichia coli strain BL21 (DE3) cells
and plated onto Luria broth (LB)-agar plates containing 50 lg/mL
of kanamycin and incubated overnight at 37 C. Single colonies
were selected, which were used to inoculate two 10 ml LB cultures
containing 50 lg/mL of kanamycin with shaking at 250 rpm at
37 C overnight. This primary culture was used to inoculate two
1 L LB cultures containing 50 lg/mL of kanamycin and grown un-
der the same conditions to an OD600 of 0.6. At induction, isopropyl
b-D-thiogalactoside (IPTG) was added to a ﬁnal concentration of
1 mM. The cultures were left with shaking at 37 C for an addi-
tional 4 h, harvested by centrifugation and pellets were frozen at
20 C. Uniformly-labeled 15N-ScaADoc was generated in a similar
manner with the exception that M9 minimal growth medium was
supplemented with 15NH4C1 as the sole nitrogen source.
The cell pellet containing ScaADoc was reconstituted in 20 mM
Tris, pH 7.5, 200 mM NaCl, 10 mM imidazole and 8 M urea (buffer
A) prior to disruption by sonication. The lysate was clariﬁed by
centrifugation at 48,000g using a Beckman JA25.5 rotor and loaded
onto a Ni2+-Sepharose column pre-equilibrated in buffer A. ScaA-
Doc was eluted in buffer A containing 200 mM imidazole. Fractions
containing ScaADoc were pooled and refolded via dialysis in
20 mM Tris, pH 7.5, 50 mM NaCl and 1 mM b-mercaptoethanol
(buffer B). The refolded ScaADoc protein was then loaded on a
Superdex S75 size exclusion column (GE Healthcare) pre-equili-
brated with buffer B. The elution peak corresponding to ScaADoc
was pooled, concentrated, ﬂash frozen and stored at 80 C. ScaB
cohesin was puriﬁed in a similar manner with the sole exception
that 8 M urea was not included in buffer A.
2.3. Fluorescence spectroscopy
Fluorescence emission spectra for tryptophan was recorded on
a JHY spectroﬂuorimeter (JHY, Inc.) using the excitation and emis-
sion band passes of 3 and 5 nm, respectively. An excitation wave-
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were used to monitor the effect of Ca2+-binding on ScaADoc at
25 C 50 mM HEPES, pH 8.0. Following the addition of Ca2+, the
ScaADoc sample was left to equilibrate for ﬁve minutes with stir-
ring prior to data collection. 8-Anilino-l-naphthalenesulfonate
(ANS) ﬂuorescence experiments were performed with 400 lM
ANS in the presence of 1 mM EDTA or 1 mM CaCl2, and recorded
with excitation and emission wavelengths of 380 nm and 400–
600 nm, respectively and a slit width of 10 nm.
2.4. Circular dichroism (CD) spectroscopy
Far-UV CD spectra for the apo- and holo-forms of ScaADoc were
recorded in 10 mM Tris, pH 7.5 and 10 mM NaCl and in the pres-
ence of 3 mM CaCl2, respectively at 25C from 260 nm to 190 nm
using a 0.1 cmpathlength quartz cuvette on an Applied photophys-
ics Chirascan spectropolarimeter. Resulting CD spectra were base-
line corrected and deconvoluted using the CONTINLL program.
2.5. NMR spectroscopy
A Varian INOVA 600 MHz spectrometer equipped with a triple
resonance cryoprobe was used to collect two 2D 1H 15N HSQC
NMR experiments on uniformly labeled 0.1 mM 15N-ScaADoc con-
taining 20 mM Tris, pH 7.5, 20 mM NaCl, 0.5 mM DSS in 90% H2O/
10% D2O with and without 5 mM CaCl2 at 25C. NMR spectra were
processed and viewed in NMRPipe and Sparky, respectively
[26,27].
2.6. Isothermal titration calorimetry
Binding afﬁnities and stoichiometries for Ca2+ and ScaB cohesin
binding to ScaA dockerin were determined using a Microcal VP-ITC
calorimeter (GE Healthcare). Solutions containing ScaADoc, Ca2+
and ScaB cohesin were thoroughly degassed prior to loading. ITC
measurements for Ca2+-binding to ScaADoc proceeded using a pro-
tein solution of 0.165 mM in the reaction cell and 2.4 mM Ca2+ in
the syringe, both of which were in buffer containing, 20 mM Tris,
pH 7.5 and 20 mM NaCl. Similarly, 0.5 mM ScaB cohesin was ti-
trated into 0.05 mM ScaADoc containing 20 mM Tris, pH 7.5,
20 mM NaCl and 5 mM CaCl2. For both experiments, a total of 30,
10 lL injections were made with equilibration times of 15 min be-
tween additions at 30 C. The data were ﬁtted to a one-site binding
model in MicroCal Origin 7.0.
2.7. Differential scanning calorimetry
Melting temperatures (Tm) for protein solutions containing
0.01 mM ScaADoc, 0.01 mM ScaB cohesin and 0.01 mM ScaADoc-
ScaB cohesin complex in 20 mM Tris, pH 7.5, 20 mM NaCl and
5 mM CaCl2 were determined using a MicroCal VP-DSC differential
scanning calorimeter as previously described [11].
2.8. Construction and bacterial expression of Xyn-ScaADocD7-, D15-
and D23
Two PCR products, the Geobacillus stearothermophilus Xyn T-6
[28] with 50-Ncol and 30-Kpnl restriction sites and that of the 50-
Kpnl and 30-BamHl C. thermocellum type-I CelS dockerin (DocS),
were digested and ligated using their common Kpnl sites to gener-
ate XynT-6-DocS. This insert was subsequently digested with Ncol
and BamHl, and ligated into the pET9d vector at the Ncol and Bam-
Hl restriction sites [29]. This plasmid allows facile replacement of
the DocS with any other desired dockerin. In this regard the trun-
cated forms of ScaADoc were generated by PCR, with the following
forward primer 50- GGGGTACCTGGCACAAAGCTCGTTCCTA -30 thatintroduced a Kpnl site, and in combination with three antisense
primers, introduced a BamHl site and a single stop codon at speciﬁc
positions to deliberately delete 7, 15 and 23 C-terminal amino acid
residues of the protein to create: Xyn-ScaADoc D7 (50-
CCCGGATCCTCAGCCTGCAGGATCAACTGC-30), Xyn-ScaADoc D15
(50-CCCGGATCCTCAAGAGTCAGCTACTGTGAGC-30), and Xyn-ScaA-
Doc D23 50-CCCGGATCCTTAAACGATAGCCTTGAGGATTGCC-30.
2.9. ELISA-based afﬁnity assay
ELISA-based competition assays using Xyn-conjugated WT and
truncated ScaADocs were carried out using a previously published
protocol. Brieﬂy, Maxisorp 96-well plates were coated with CBM-
fused ScaB cohesin [25] and blocked with a blocking buffer (TBS)
containing BSA. The proportion of bound Xyn-fused ScaADoc to
ScaB cohesin was measured by absorbance at 450 nm and ﬁt using
a competitive one-site binding model in GraphPad Prism 5.
3. Results
3.1. Spectroscopic evidence for Ca2+-induced folding and exposure of a
hydrophobic surface in ScaADoc
Sequential alignments with the type-I dockerin from the C. ther-
mocellum CelD cellulase and the type-II dockerin module from the
CipA scaffoldin highlight an unusual property of ScaADoc in that it
does not comprise a second canonical Ca2+-binding F-hand motif
(Fig. 2). This is a notable difference, and as such, raises an impor-
tant question of how a single F-hand motif can fulﬁll the strict
requirement of Ca2+ in ScaADoc stability and function. As such,
we utilized a battery of spectroscopic and thermodynamic-based
approaches to examine the Ca2+-binding properties of ScaADoc.
Circular dichroism (CD) spectroscopic analysis of the apo- and
holo-forms of ScaADoc were found to respond to Ca2+ in a similar
manner to that observed for the type-II X-Dockerin modular pair
(XDoc) from CipA [9]. In particular, both apo-forms of ScaADoc
and type-II XDoc exhibit proﬁles that are most reﬂective of an
unstructured protein, with a notable negative band at 200 nm as
well as large-scale conformational changes in the presence of sat-
urating amounts of Ca2+ that resulted in the appearance of two dis-
tinct minima at 222 nm and 208 nm as well as a maximum
ellipticity at 194 nm (Fig. 3A). Deconvolution of the CD spectra re-
sulted in an approximate two-fold increase in helicity (17% to 32%),
which is consistent with secondary structural predictions and re-
lated structural transition that was described for the type-II XDoc
modular pair [9]. Finally, spectral changes obtained by CD correlate
well with the increase in peak dispersion and structure as moni-
tored by two-dimensional heteronuclear 1H 15N HSQC (Fig. 3B).
The NMR line widths suggest that both forms of ScaADoc are
monomeric, with no evidence of conformational exchange or sam-
ple heterogeneity.
The striking similarity to the behavior of the type-II holo-XDoc
modular pair encouraged further characterization of the ScaADoc
surface and conformation in the presence of Ca2+. To this end,
emission spectra were recorded to monitor changes in the local
environment surrounding the single tryptophan at position 1631,
N-terminal to the ﬁrst F-hand motif in ScaADoc (Fig. 4A). Distinct
differences in the emission spectra between the apo- and holo-
states of the protein were observed, and are directly correlated
with a switch from a more hydrophilic, solvent-exposed environ-
ment to a buried hydrophobic core. The electronic environment
of Trp1631 did not change in the presence of saturating amount
of magnesium, suggesting that this structural change is exclusive
to Ca2+ (data not shown). These data were also supported by the
binding of ANS to the apo- and holo-forms of the protein, which re-
sulted in an approximate 1.8 and 2.8-fold increase in the measured
Fig. 2. Sequential alignment between ScaADoc, type-I dockerin from C. thermocellum CelD and type-II dockerin from CipA. While the Ca2+-binding loop in ScaADoc is intact and
highly characteristic with respect to the type-I and -II dockerins from CelD and CipA, respectively, the second is highly divergent owing to two insertions in this region,
Pro1673-Lys1676 and Ala1679-Val1686. Secondary structural alignment with CelS (DocS) predicts that ScaADoc comprises two helical segments, Val1642-Leu1652 and
Asp1682-Glu1702.
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Fig. 3. Ca2+-binding properties and its structural effects on ScaADoc. (A) CD spectra
recorded for the apo (red) and holo (black) forms of the ScaADoc reveal a Ca2+-
dependent conformational change as measured by changes in the ellipticity at
194 nm, 208 nm and 222 nm. (B) Overlays of the apo (red) and holo (black) 2D 1H
15N HSQC spectra reveal a similar Ca2+- dependent effect as evidenced by an
increase in the dispersion and a characteristic chemical shift assumed by the sixth
position of the ﬁrst F-hand loop, Gly1638.
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port a common mechanism shared by other dockerin modules
whereby Ca2+-binding exposes a hydrophobic surface in the pro-
tein to accommodate the binding of ScaB cohesin [9,10].
3.2. Binding afﬁnity and stoichiometry for Ca2+
Having established that Ca2+ induces similar structural transi-
tions in both proteins, we sought to unequivocally determine the
stoichiometry and afﬁnity of Ca2+ to ScaADoc using isothermal titra-tion calorimetry (ITC). Under our experimental conditions, we
extrapolated a dissociation constant (Kd) of approximately 1 lM
using a one-site model, which is consistent with the binding afﬁnity
for Ca2+ reported for the type-II XDoc construct (Fig. 4C) [9]. These
data conﬁrm the identiﬁcation of a single functional F-hand Ca2+-
binding region in ScaADoc, and showcases how this unusual prop-
erty is responsible for the structural stability and function.
3.3. Ca2+-dependent interactions between ScaADoc and ScaB cohesin
The presence of a second F-hand variant did not interfere with
the Ca2+-binding properties of the ScaADoc molecule, particularly
with respect to ability to undergo a signiﬁcant conformational
change and exposure of a hydrophobic surface. In spite of this
shared solution behavior, we extended our analyses to determine
its solution behavior and afﬁnity with ScaB cohesin using size-
exclusion chromatography (SEC; Fig. 5A) and ITC (Fig. 5B). Results
from these experiments converged onto the formation of a 1:1 het-
erocomplex at the expected elution volume of approximately
72 mL, and has a measured afﬁnity of approximately 1 nM. This va-
lue is most similar to that reported for the type-I dockerin–cohesin
complex [30], which suggests, unlike in the type-II XDoc-cohesin
complex [11], the interface of the ScaADoc-ScaB cohesin complex
is stabilized by fewer hydrophobic forces.
3.4. Stability of the ScaADoc-ScaB cohesin complex
Using differential scanning calorimetry (DSC) and ELISA-based
analyses, we investigated whether the lack of Ca2+ coordination
to the second F-hand variant disrupted the thermal and structural
stabilities of the ScaADoc–cohesin complex. Analysis of the DSC
data revealed that complex formation with ScaB cohesin stabilized
Ca2+-bound ScaADoc as evidenced by a considerable shift in the
melting temperature (Tm) from 61.80 C to 90.05 C (Fig. 6A). This
is in contrast to the thermostability of the ScaB cohesin, which ap-
pears to have the same Tm in its un- and complexed forms. Despite
the thermostability of the ScaADoc-ScaB cohesin complex, the ex-
treme sensitivity of C-terminal truncations on ScaADoc was real-
ized when deletion of Ala 1699-Thr 1705 signiﬁcantly abrogated
binding to ScaB cohesin (Fig. 6B). This is in contrast to the behavior
of DocS, which maintained its capability of binding to type-I cohe-
sin up to a 12-residue deletion [31]. Such differences suggest that
the C-terminus of ScaADoc makes signiﬁcant contributions to the
binding of ScaB cohesin.
4. Discussion
Genome sequencing initiatives have produced a wealth of
knowledge concerning the relative abundance and divergence of
dockerin and cohesin protein modules in cellulolytic bacteria
Fig. 4. Evidence for exposure of a hydrophobic surface and determination of Ca2+ stoichiometry. (A) Trp1631 undergoes a characteristic blue shift in the presence of Ca2+, which
shifts away from an aqueous to a hydrophobic environment. (B) The resulting conformation change exposes a hydrophobic surface that is shown to bind ANS more readily as
reﬂected by the increase in the ANS ﬂuorescence. (C) These Ca2+-dependent conformational changes are the result of binding only one Ca2+ ion to the ﬁrst F-hand loop as
shown by ITC.
Fig. 5. Formation and afﬁnity for the ScaADoc-ScaB cohesin complex. (A) Size-exclusion proﬁles for the ScaADoc-ScaB cohesin complex, ScaB cohesin and the ScaADoc with
corresponding elution volumes above each peak. Formation of the 1:1 heterocomplex was conﬁrmed by ITC, with a measured afﬁnity of 1 nM (B).
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Fig. 6. Stability of the ScaADoc-ScaB cohesin complex. (A) DSC thermogram proﬁles of the Ca2+-loaded ScaADoc, ScaB cohesin and ScaADoc-ScaB cohesin complex. Complex
formation enhances the thermostability of the ScaADoc protein, which is in direct contrast for ScaB cohesin. (B) Monitoring the effect of C-terminal truncations in ScaADoc on
recognition of ScaB cohesin by ELISA. As a percentage of wild-type ScaADoc binding, ScaADoc binding to ScaB cohesin was disrupted upon incremental deletions of the
C-terminal helix.
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far reﬂect this notion, wherein additional characterization of these
dockerin and cohesin modules is necessary to develop an improved
understanding of how they interact to produce signature cellulo-
somes. For example, distinctive features identiﬁed within the
group of type-III dockerin proteins in R. ﬂavefaciens relative to
other well-studied type-I and -II dockerins, in part, contributes to
the novel cellulosome architecture. The work presented here is a
piece of this very complex puzzle, and has shed important light
on the novel type-III ScaADoc, with emphasis on its structural
and biophysical properties.
Data obtained from CD, intrinsic tryptophan and ANS ﬂuores-
cence demonstrate that the ScaADoc protein undergoes a Ca2+-in-
duced conformational change that exposes a hydrophobic
surface. This phenomenon was previously reported to occur in
the DocS and the type-II XDoc from the CipA scaffoldin unit from
C. thermocellum[9,10,32]. Based on previous studies of the type-I
and -II dockerin–cohesin heterocomplexes [11,30,33], we infer that
the increased exposure of a hydrophobic patch of residues on the
surface of type-III ScaADoc protein module serve to mediate an
interaction with ScaB cohesin.
A spectral overlay of the apo- and holo-forms of ScaADoc show-
cased distinctive changes such as the downﬁeld shift position of
the 6th residue (Gly1638) in the ﬁrst F-hand Ca2+-binding loop,
which was a common spectral attribute for the DocS and type-II
DocX [9,10,34]. Despite these shared tendencies with the type-I
and -II dockerins, the solution behaviour of ScaADoc is distin-
guished from the type-II XDoc in the following: (a) the Ca2+-depen-
dent conformational change did not accompany an increase in the
molecular weight as reﬂected by the NMR linewidth, and (b) it can
be expressed as a single protein module whereas the X-module
was shown to stabilize the type-II Doc in the context of the XDoc
modular pair. Taken together, these observations suggest that
ScaADoc behaves more like a type-I dockerin.
ITC measurements to evaluate the binding stoichiometry and
afﬁnity for Ca2+ to ScaADoc provide support that the second 24-
residue loop does not bind Ca2+ with appreciable afﬁnity. This is
further supported by the emission spectra collected for Trp1631,
which converges on to the idea that the local environment sur-
rounding the ﬁrst intact F-hand loop accounts for the majority of
the conformational change noted in ScaADoc. In other words, this
transition is primarily responsible for the folding of the protein
wherein the second F-hand variant responds and/or participates
in very subtle ways to accommodate this structural form and sub-
sequent binding to ScaB cohesin. These results are not unexpected;
in fact, the SI00 family of EF-hand containing proteins comprises a
similar N-terminal 14-residue pseudo loop that coordinates Ca2+
largely though its carbonyl oxygens, and does so with a markedly
lower afﬁnity [35]. This is highly correlated with the lack of
large-scale conformational changes in this region in relation to
the structural rearrangement in helix III that occur because of
Ca2+ binding to the C-terminal EF-hand.
The relative differences in the Kd values extracted from similar
measurements on the type-I and type-II dockerin–cohesin interac-
tions have been explained by the chemical makeup of their respec-
tive interfaces. For example, an extensive network of hydrophobic
contacts at the binding interface in the type-II XDoc-cohesin com-
plex accounts for an approximate 1000-fold difference in the afﬁn-
ity relative the type-I dockerin–cohesin complex [11]. In the
absence of a structure of the ScaADoc-ScaB cohesin complex, we
may use this criterion to judge the chemical characteristics that de-
ﬁne the interface, where in this case, the ScaADoc-ScaB cohesin is
representative to that of the type-I dockerin–cohesin complex. The
Kd value can be used as a benchmark to weigh in on the composi-
tion of the interface in the absence of protein X-ray crystal struc-
tures of other dockerin–cohesin complexes.In conclusion, this study showcases how the unusual sequential
features in ScaADoc do not interfere with its ability to undergo
Ca2+-dependent changes to mediate binding to ScaB cohesin. In
light of our ﬁndings, it would be interesting to determine the effect
of a single Ca2+-binding site on the surface properties of type-I and
-II dockerin, and their corresponding recognition of cohesin. Devel-
oping a correspondence in this manner can potentially be exploited
in the building of designer cellulosomes.
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